Abstract Microbial biotransformation of monoterpenes results in the formation of many valuable compounds. Many microorganisms can be used to carry out extremely specific conversions using substrates of low commercial value. Absidia corulea MTCC 1335 was examined for its ability to transform a-Pinene enantiomers. The substrates (-)-a-Pinene and (?)-a-Pinene converted to a-terpineol and isoterpineol, were detected in gas chromatographic analysis. The Biotransformation kinetics of the oxidized products were analysed using GC-MS. With both the substrates the products formed were similar and not much difference in the rate of transformation was observed, suggesting no enantioselectivity of organism towards the substrate.
Terpenes occur widely in nature. Monoterpenes as substrates of microbial transformations have led to a great variety of oxyfunctionalized compounds [1] . Allylic hydroxylations of monoterpene hydrocarbons are interesting reactions because of the multiple bioactivities of many of the resulting aroma compounds [2] .
The biotechnological generation of natural aroma compounds is rapidly expanding. Production of desired compounds by single-step biotransformation using microorganisms is natural, effective and economical [3, 4] . Hydroxylation of monoterpene substrates has been exclusively achieved by the use of filamentous fungi [5] . Terpenes and their oxygenated derivatives are extensively used by the flavour and fragrance industries. The important attribute of the biotransformation is the formation of monoterpene precursors or intermediates into their more aggregated value products for the flavour and fragrance industries [6, 7] .
Terpene such as a-pinene is inexpensively available in large quantities. Biotransformation of (-)-a-Pinene and (?)-a-Pinene results in the formation of a-Terpineol. The product, a-Terpineol (C 10 H 18 O) is the most important monocyclic monoterpene alcohol and used as flavour and fragrance chemical because of its lilac odour [8] .
Absidia coerulea is known to transform terpenes and steroid hormones. Testosterone, androstenedione, progesterone and testosterone derivatives were selectively hydroxylated using A. coerulea [9] . Oxygenation of taxadiene derivatives and hydroxylation of a-santonins was achieved using A. coerulea [10, 11] . Based on the literature the current study was focused on the biotransformation of a-Pinene using A. coerulea.
(-)-a-Pinene, (?)-a-Pinene and a-Terpineol were purchased from the Sigma-Aldrich. All the chemicals and solvents were of the best available commercial grade. The fungal culture A. corulea MTCC 1335 was procured from microbial type culture collection (MTCC), IMTECH, Chandigarh, India and the culture was maintained on potato dextrose agar. Biotransformation of (-)-a-Pinene and (?)-a-Pinene were carried out by A. corulea cultures. Before each experiment spore suspension was transferred to a 250 ml conical flask containing 100 ml of freshly prepared potato dextrose broth. Mycelium was then grown for 1 week at 27 ± 2°C. After stipulated time of incubation, 1.0 ml of a methanolic solution (60 mg/ml) of substrate, without prior sterilization, was added to the mycelial suspensions, and the cultures were incubated for 3 days. All experiments were conducted in triplicate.
The flasks were closed with a glass stopper in order to avoid substrate and product evaporation. At the end of the experiments the product recovery was performed by liquid-liquid extraction with of ethyl acetate (v:v). The final solution was dried over anhydrous sodium sulphate. For kinetic resolution samples were extracted on 24, 48 and 72 h. The residue obtained was made up to 1 ml with hexane and 3 ml of the solution was subjected to gas chromatography-mass spectrometry (GC-MS). GC-MS analysis was performed with a agilent 6890 GC coupled with a agilent 5973 MSD (mass selective detector) and a inventory CP-Sil 8CB (30 lm 9 250 lm 9 0.30 lm) was used. The column temperature was programmed at 50°C for 3 min, increased to 12°C/min at 130°C, and then increased at 15°C/min at 220°C by 5 min. Helium was the carrier gas, and the injection and detector temperatures were 250 and 300°C, respectively. One microliter of the dried solution was injected into the GC/MS system. The apparatus operated with a flow rate of 1 ml/min in an electronic impact mode of 70 eV and in split mode (split ratio of 10:1). Compounds identification was based on a comparison of retention indexes (determined relatively to the retention times of a series of n-alkanes) and mass spectra with those of authentic standard purchased from Sigma-Aldrich. The amount of pinene, terpineol and isoterpineol present in the samples was calculated with respect to the area of standard compound and characterised by means of the GC-MS fragmentation pattern.
The chromatographic analyses of the extracts indicated that the biotransformation products obtained using (-)- Biotransformation of (-)-a-Pinene and (?)-a-Pinene were carried out in order to achieve terpineol formation, by the use of A. corulea. The results showed that under the evaluated conditions, A. corulea was able to transform both the enantiomers. The time courses analysis of bioconversion of (-)-a-Pinene and (?)-a-Pinene by A. corulea shown in Fig. 1 . Depicted values in Fig. 1 correspond to the overall mean concentrations obtained in three independent experiments. A. corulea afforded the best results, achieving 54.69% conversion (relative integrated area GC-MS) of (?)-a-Pinene to a-Terpineol after 72 h incubation (Fig. 1) , whereas A. corulea was less efficient on (-)-a-pinene for the production of a-Terpineol (45.47% conversion in 3 day incubation: Fig. 1 ). Isoterpineol was formed as minor product in both the substrates transformation with a percentage of 14.07 and 14.87% respectively for (?)-a-Pinene and (-)-a-Pinene after 72 h incubation.
From the GC-MS data the amount (mg) of a-Terpineol and isoterpineol formed from 60 mg of (?)-a-Pinene was calculated to be 34.116 ± 3.70 and 9.528 ± 1.35 mg respectively after 72 h of incubation (Table 1) . Where as biotransformation of (-)-a-Pinene produced 28.146 ± 0.65 mg of a-Terpineol and 9.774 ± 1.44 mg of isoterpineol at the end of 72 h. The results obtained in this work indicate that the enzymes responsible for the biotransformation producing the metabolites found in all the reaction systems studied are probably not having stereoselectivity, since the bioconversions of both the substrates resulted in the production of same compounds. Aspergillus niger selectively transformed a-pinene to verbenone, verbenol and a-terpineol whereas b-pinene to only a-terpineol [12, 13] . The biotransformation of (-)-a-Pinene and (?)-a-Pinene results in the formation of oxidized products through the insertion of oxygen into the substrate molecule. Alpha-terpineol was identified as the biotransformation products of (-)-a-Pinene and (?)-a-Pinene. The product (a-Terpineol) has wide applications in the pharmaceutical industry as an intermediate in the chemical synthesis and in the aroma and fragrance industry.
